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TITLE: Vehicle dynamic control system 



Abstract Text (1) : 

The present invention provides a vehicle dynamic control system which alters 
characteristics of respective vehicle movement controllers so that they can 
function properly against coming and foreseeable running conditions and current . 
running conditions, recognizing beforehand details of an emerging curve on the road 
to be traveled. The system comprises a vehicle movement control alterant and at 
least one among vehicle movement controllers, i.e., a brake controller, a 
left/right wheel differential limiter controller and power distribution controller. 
When the vehicle is approaching the curve, the vehicle movement control alterant 
alters characteristics of a braking controller, the left/right wheel differential 
limiter controller and the power distribution controller to those favorable to 
turning for driving through a curve appropriately. When the vehicle is approaching 
the curve end, the alternate alters characteristics of the left/right differential 
controller to those favorable to stabilizing running so that the vehicle can pass 
the curve end and go into straight road appropriately. 

Brief Summary Text (13) : 

Furthermore, the present invention provides a vehicle dynamic control system 
aforementioned, wherein the vehicle movement controlling means is the left/right^ 
wheel -different ial limiter controller, and changing of the characteristic of the 
vehicle movement controlling means to that favorable to turning is done by . 
weakening the limitation of the differential of the left and right wheels and vice 
versa, i.e., changing the characteristic of the vehicle movement controlling means 
to that favorable to stabilizing the vehicle's posture is done by strengthening the 
limitation of the differential of the left and right wheels . 

Brief Summary Text (14) : 

Furthermore, the present invention provides a vehicle dynamic control system 
aforementioned, wherein the vehicle movement controlling means is the power 
distribution controller for controlling the differential limitation of a center 
differential, and changing of the characteristic of the vehicle movement 
controlling means to that favorable to turning is performed by controlling the 
limitation of the differential to an uneven torque distribution to the front and 
rear wheels, either the front bigger or the front smaller, while changing the 
characteristic of the vehicle movement controlling means to that favorable to 
stabilizing vehicle posture is done by controlling the limitation of the 
differential to even torque distribution. 

Detailed Description Text (35) : 

In the steering control mode, the differential limiting torque is reduced from that 
specified for the normal control mode depending on the rotational ratio (NR/NF) of 
the front and rear wheels in a specified vehicle speed range, in order to improve 
the feeling of steering in a low speed range. NR is the number of rear wheel 
rotations and NF is the number of front wheel rotations . 

Detailed Description Text (38) : 

The left/right wheel differential limiter control 70 controls the hydraulic multi- 
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plate clutch 33. The rotational speed difference of the 2 rear wheels is calculated 
from the number of rotations of the rear left and right wheels . When the rear wheel 
rotation speed difference is bigger than a predetermined value, it is judged that 
the rear wheels are slipping. When the rear wheel rotation speed difference is 
smaller than a predetermined value, it is judged that the rear wheels are not 
slipping. 

Detailed Description Text (63) : 

wherein Gl and G2 are gains (e.g., 0.05 and 0.15 respectively), Iz is yaw inertia 
moment oh the vehicle, df is the front tread and dr is the rear tread. In the 
formula (10), Gl is the first large gain and d. DELTA. .gamma. . times . Iz/ (df/2) is a 
part showing the first theoretical braking force for the front wheels. In the 
formula (11), Gl. times. G2 is the first small gain and d. DELTA. .gamma .. times . Iz/ 
(dr/2) is a part showing the first theoretical braking force for the rear wheels. 
In order to prevent losing stability caused by side slips occurring at a rear wheel 
or to prevent a feeling of unstableness given by unexpectedly strong turning moment 
occurring when the rear wheels are braked, especially on a low friction road, the 
first rear wheel aimed pressure BFlr is made smaller by multiplying the first 
theoretical braking force for the rear wheels by the first small gain. 

Detailed Description Text (172) : 

The brake controller 80 selects the rear inside wheel for correcting an under 
steering characteristic while turning, or the front outside wheel for correcting an 
over steering characteristic while turning, and sends a control signal to the brake 
actuator 25 so that the aimed braking force is applied to the selected wheel . This 
is carried out, while comparing the yaw rate deflection . DELTA .. gamma . with the 
threshold . epsi Ion .. DELTA. , when the yaw rate deflection . DELTA .. gamma . comes from 
inside of the insensitivity band to the outside, i.e., to the control area. 

CLAIMS : 

6. The dynamic control system according to claim 5, wherein the vehicle dynamic 
characteristic changing means includes means for reducing the differential limiting 
force of the wheel differential controlling means so as to improve -turning 
performance. ' 
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DOCUMENT- IDENTIFIER: US 6446005 Bl 

TITLE: Magnetic wheel sensor for vehicle navigation system 
Abstract Text (1) : 

A system is disclosed for determining precise locations of the golf carts on a golf 
course in real time as the carts are in use during play of the course. Each cart is 
outfitted with a dead reckoning navigation (DRN) system for determining speed and 
direction, and a compass for determining heading of the cart during play. With 
these parameters and a known origin of the cart to which the DRN system has been 
calibrated, such as location of a tee box, the location of the cart relative to a 
known feature of the course such as a cup or hazard may be calculated. The DRN 
system uses a magnetic wheel sensor assembly having a magnetic strip with spaced 
alternating opposite magnetic poles affixed to the rim of an inside wheel well or 
mounting fixture therefor of the cart, mounted to confront a Hall effect sensor. 
During rotation of the wheel and the strip when the cart is moving, the sensor 
detects passage of the alternating poles, to measure speed and forward or backward 
direction of the cart. A compass determines heading of the cart. The DRN system 
allows operation on courses where GPS -based systems cannot maintain LOS,, and is 
periodically calibrated by a known signal, such as a DGPS signal. 

Brief Summary Text (24) : 

Mechanical issues addressed in the implementation of sensors of the ACUTRAK system 
on a golf cart include (1) selection and mounting of the wheel sensor used for 
measuring distance traversed by the cart, and (2) selection and mounting of the ■ 
electronic compass used for measuring bearing (direction, relative to a reference 
direction, typically true north) . It is necessary to determine the most desirable 
or advantageous wheel for location of the wheel sensor on the golf cart. The rear 
wheels of the cart undergo slippage during rapid acceleration and braking on wet 
grass; hence, mounting the sensor on a rear wheel is more likely to result in 
errors in determination of distance traveled by the cart under those conditions. On 
the other hand, since the front wheels of the cart can turn, wheel velocity is 
computed along the direction that the wheel is pointed rather than the direction 
the cart frame is pointed. Resulting error may be overcome mathematically in 
navigation software for the ACUTRAK system, as described in the '962 application. 

Brief Summary Text (25) : 

Selection of a proper sensor for detecting wheel rotation involves several factors . 
Hall effect sensors detect the presence of magnetic fields and are sufficiently 
rugged to withstand outdoor extremes of temperature, moisture, and soil 
contamination, with a limited capability to sense fine movements of the wheel as it 
rotates, for higher resolution. Optical sensors possess the capability to sense 
extremely fine movements, but lack robustness in an outdoor environment, and are 
more expensive than magnetic sensors. 

Brief Summary Text (26) : 

The ACUTRAK system disclosed in the '962 application employs a dead reckoning 
system that uses a floated compass in conjunction, in one embodiment, with a wheel 
sensor mounted on one front wheel, with a special acceleration compensation 
algorithm referred to therein as "compass tilt estimation" algorithm for the 
floated compass. It is desirable for wheel rotation resolution to be at least 64 
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counts per wheel revolution; i.e., to possess the capability to detect at least 
every 5.625 degrees of revolution . A floated compass has a sensor which is floated 
in a liquid bath and which uses the Earth's gravity to keep the sensor level with 
respect to the gravity field, thereby resulting in the compass sensor remaining 
fixed with respect to the earth's magnetic field. In this way, a floated compass 
allows accurate measurement of magnetic heading under various adverse conditions 
for example, when the golf cart is tilted on a hill. 

Brief Summary Text (27) : 

To overcome potential loss of accuracy arising from response of the floated compass 
to acceleration of the golf cart (e.g., starting, braking, or turning ) such that 
the sensor is artificially tilted throughout an acceleration event, compensation 
for compass errors that arise during such an event is achieved in the system of the 
1 962 application by high resolution wheel sensing to at least 64 counts per 
revolution, and an acceleration compensation algorithm run in the navigation 
computer to predict the effect of the induced tilt on the compass heading output. 
With a dual front wheel sensor configuration, even greater resolution is required- - 
minimally about 720 counts per revolution (equating to a capability to detect at 
least every 0.5 degrees of revolution ) , because mathematical algorithms for such a 
configuration are highly sensitive to wheel quantization for accurate dead 
reckoning performance. 

Brief Summary Text (28) : 

In an embodiment of the ' 962 application system, a wheel sensor constituting a 
stan<dard optical encoder is employed, with modifications designed for survival of 
the sensor in the hostile outdoor environment of the golf course. The modifications 
include encapsulating the case of the sensor. in an epoxy compound to seal it 
against penetration and fouling by water or soil, and using a sealed bearing on the 
encoder shaft for the same purpose. The wheel sensor has an effective resolution of 
1024 counts per revolution, and is projected to be capable of 200 million rotations 
without failure. In practice, however, "sealed" bearings are something of a 
misnomer in that they do not filly inhibit fouling in a hostile environment. Hence, 
the sensor and the accuracy of the system must be subjected to frequent inspection. . 
Servicing or replacement of the wheel sensor must be undertaken in aggravated 
cases. It would be desirable to provide an improved wheel sensor system, and it is 
a principal objective of the present invention to do so. 

Brief Summary Text (30) : 

According to the present invention, an ACUTRAK system is . implemented in part using 
a wheel sensor in the form of Hall effect magnetic rotation system. A floated 
compass is used in conjunction with the wheel sensor for accurate measurement of 
the rotation and the direction of rotation of the wheel . The sensor element is 
attached to a mounting bracket, and a magnetic strip is attached to a mounting 
frame. The data collected is used to measure distance traveled and cart velocity, 
as well as detection of vehicle motion, among other things. Unlike other types of 
wheel sensors, the magnetic wheel sensor is capable of providing rotation 
measurements in electrically and magnetically noisy environments. This is achieved 
in part by making the housing for the Hall effect sensors electrically conductive 
and grounding it to the internal sensor ground. Additionally, the Hall effect 
sensor assembly is electrically insulated from the chassis of the golf cart. The 
system generates its data output without any physical interfaces, which effectively 
eliminates sources of degradation attributable to friction. Moreover, the magnetic 
wheel sensor can be fully sealed by electrically connecting the sensor integrated 
circuit (IC) to a printed circuit board, inserting the board into the housing, and 
then potting the board and the sensor IC assembled thereon completely in place with 
epoxy, for example, to avoid damage from outside contaminants. Additional 
advantages of the magnetic wheel sensor are its relative simplicity of assembly, 
installation, and inspection. 

Brief Summary Text (31) : 
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According to the invention, then, apparatus is provided for installation on a golf 
cart to enable calculation of the distance from the cart to a golf cup, a hazard, 
or other feature of a hole of a golf course which has been surveyed so that the 
location of such feature is known, from which to make a close approximation of the 
distance to such feature from a golf ball in a lie proximate to the cart. The 
apparatus includes a dead reckoning (DR) wheel sensor arrangement for determining 
speed and direction (forward/reverse) of the cart relative to a tee box of the hole 
as a known point of origin to which the DR assembly has been calibrated. The 
arrangement includes a magnetic strip with a plurality of alternating magnetic 
poles impressed across the strip, which is attached to the rim of a mounting 
fixture inside the wheel well of the cart. The Hall effect sensor assembly is 
affixed to the axle of the wheel for detecting passage of the alternating magnetic 
poles on the strip during rotation of the wheel . A floated compass is attached to 
the cart, preferably substantially directly above this wheel, to determine the cart 
heading. Knowing the parameters of speed, forward/reverse direction, and heading of 
the cart at any given instant relative to the origin enables calculation of real- 
time distance from the cart to the known location of a feature of interest of the 
hole being played with the cart . 

Drawing Description Text (11) : 

FIG. 9 is a simplified top view of a DR navigation system-equipped golf cart 
showing the front wheels angled in a turn, useful to explain the embodiment of FIG. 
8 ; and 

Detailed Description Text (3): 

As is known, "dead reckoning navigation" is initialized with a starting position, 
velocity and, in some instances, attitude of the host vehicle, and keeps track of 
changes in movement-, distance and direction of the vehicle from the starting point . 
The present invention provides an improved wheel rotation sensor as a key component 
of a cost effective dead reckoning navigation system for use on a golf course. The 
sensor enables measurement of distance by reference to the number of rotations of 
the wheel from the starting point, while the direction of travel, which need not 
and typically would not be a straight line from one point of interest to another, 
is determined in the horizontal plane by means of an inexpensive compass sensor, 
for example . 

Detailed Description Text (6) : 

The preferred approach in the DR system for golf course applications uses a single 
front wheel sensor to measure distance and a floated sensor compass for measuring 
direction. Only speed and direction in the horizontal plane are needed. 
Alternatives include use of (i) dual front wheel sensors detecting the wheel 
rotation for measuring distance, and measuring the difference between the wheel 
rotations for determining the angular rate; or (ii) a fixed sensor compass for 
detecting direction, a terrain database for slope locations, and a single front 
wheel sensor for measuring distance. Dual front wheel sensors are viable but have 
the disadvantage that turning the front wheels of the cart causes them to be 
misaligned with the longitudinal axis of the cart Alternative (ii) is also viable, 
but requires a sophisticated terrain database to determine the severity of the 
slope at any particular location on the golf course. 

Detailed Description Text (9) : 

In conjunction with the preferred embodiment of a wheel sensor mounted on one front 
wheel, the floated compass employs a compass tilt estimation algorithm described in 
detail in the '962 application. The floated compass uses a sensor floated in a 
liquid bath so that the sensor remains fixed with respect to the earth's gravity 
and magnetic field, whereby to enable accurate measurement of heading even when the 
golf cart is tilted on a hill. It is desirable that wheel rotation resolution be at 
least 64 counts per wheel revolution, to detect at least every 5.625 degrees of 
revolution . The floated compass sensor is artificially tilted during cart 
acceleration in starting, braking, or turning, producing errors which are 
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compensated by (i) the high resolution wheel sensing and (ii) the compass tilt 
estimation algorithm. 

Detailed Description Text (10) : 

Dual front wheel sensors require greater resolution, on the order of minimum 
resolution of 720 counts per revolution which equates to detection of every 0.5 
degrees of revolution . This is because the mathematical algorithms for a dual front 
wheel application are extremely sensitive to wheel quantization for accurate dead 
reckoning performance . 

Detailed Description Text (11) : v 

In a preferred embodiment of a wheel sensor assembly 24 of the present invention, 
shown in exploded view in FIG. 3 and in assembled view in FIG. 4, the magnetic 
wheel rotation system includes a sensor 25, a sensor mounting bracket 26, a 
magnetic strip 28, and a magnet mounting fixture 29. As further shown in the more 
detailed sectioned side view of FIG. 5A, the sensor 25 includes a dual element Hall 
effect sensor device 30, which, in the preferred embodiment is a Hall effect 
speed/direction sensor (e.g., part number A3421, available from Allegro 
Microsystems, Inc. of Worcester, Mass.). The Hall effect sensor device 30 is 
soldered to a printed wiring board or printed circuit board (PCB) 32, and the PCB 
with attached sensor is then inserted into a metallic (electrically conductive) 
cylindrical housing or cylinder 31 (see, also, FIG. 5B) . As shown in FIG. 5A, also 
provided are a grounding lug 33 from a short wire 34 associated with a four 
conductor shielded cable 35 (FIG. 5C) , a connector 36, and connector pins 37, for 
purposes to be described presently. 

Detailed Description Text (13) : 

With continued reference to FIG. 5A, short wire 34 and grounding lug 33 crimped 
thereto are fastened to housing cylinder 31 by a corrosive-resistant .screw 41, to 
assure that the cylinder shares the same electrical ground with the Hall effect 
sensors 38, 39. The use of an electrically conductive housing which is grounded in 
this manner serves to shield the device against electrical and magnetic noise 
present in the environment in which the housing is located, and which would ». 
otherwise preclude proper operation and functioning of the Hall effect sensor. The 
PCB 32 is dimensioned and configured to slide into the metal cylinder. 31 so as to 
position the attached sensor device a minimum distance d (typically, 0.020 inch), 
from one end of the cylinder, facing the magnetic strip 28 (FIGS. 3- and 4) when the 
wheel sensor assembly is fully assembled on a front wheel of the cart. This 
configuration helps to maximize the performance of the magnetic wheel rotation 
system of wheel sensor assembly 24. 

Detailed Description Text (17) : 

Strip 28 is magnetized with north and soxith poles arranged in an alternating 
pattern (for example, alternating poles every 1/4 inch for the exemplary length 
dimension noted above) as viewed from the surface of the magnetic strip confronting 
an end of Hall effect sensor device 3 0 when the unit is assembled onto a front 
wheel of the golf cart. All of the alternating poles are of the same width. 
Ideally, the magnetic strip has a length such that an integer number of north-south 
pole pairs is present when it is installed onto the magnet mounting fixture 29. In 
practice, however, the magnetic strip length- -such as that in the above example 
may be slightly longer to compensate for contraction of the magnetic material 
during assembly (90-1/2 poles, rather than 90 poles, in the latter example) . This 
slight additional length will degrade the instantaneous accuracy of the wheel 
rotation sensor system to a virtually negligible extent. Since there is no contact 
between elements of sensor device 3 0 and magnetic strip 28 during relative movement 
therebetween when the golf cart is in use, the sensor system itself will not suffer 
degradation or wear as a result of any frictional force, which is a distinct 
advantage . 

Detailed Description Text (18) : 
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The magnet mounting fixture 29 is a somewhat bowl-shaped piece of material intended 
to mate with the inner portion of the wheel hub 43 and with mounting holes that 
mate with mounting holes of the hub, so that fixture 29 will accept the wheel 
mounting lugs or bolts of the vehicle. It is essential that the magnet mounting 
fixture mounting, holes be precisely sized and aligned with those of the vehicle 
wheel mounting lugs to minimize any variation in the spacing between magnetic strip 
28 and sensor device 30 during relative rotation of the two after installation of 
the wheel sensor assembly on the cart. The magnet mounting fixture is specially 
constructed to allow the magnetic strip 2 9 to be attached to its internal surface 
at the rim portion of the fixture, without the presence of protuberances or 
unevenness of any other kind. The adhesive used to attach the magnetic strip to the 
magnet mounting fixture, while not confined to the exemplary Loctite material 
referred to above, should be selected to avoid any adverse effect from materials or 
temperatures likely to encountered by the. cart during normal use. 

Detailed Description Text (20) : 

It is important to observe that as a result of the design provided by the present 
invention, the lateral alignment of the sensor to the magnetic strip is not. 
crucial. In practice, the wheel sensor assembly bracket is readily attached to the 
cart, and the wheel is then bolted on in the . usual manner, with little or. no need 
for any further adjustment. As noted earlier herein, while either front wheel may 
be- selected as the one with which the assembly is to cooperate, the left front 
wheel is preferred, taking into account factors such as the location and added 
weight of the driver of the cart, the location of the antenna for the GPS system to 
be used for periodic or sporadic calibration of the DR navigation system, and the 
proximity to fixed sources of potential electrical or magnetic interference on the 
cart. As a practical matter, the magnetic wheel sensor assembly 24 is installed oh 
a fully assembled cart by removing the designated front wheel 45 from the hub of 
the cart 50. Once the wheel is removed, the sensor mounting bracket 26 is readily 
attached to the front axle 51 (or other suitable fixed part of the structure , of the 
vehicle) , so as to finally maintain the relative positions of the sensor device 3t0 
and magnetic strip 28 to permit rotation of the latter about the former when the 
installation of the entire wheel sensor assembly 24 is completed. 

Detailed Description Text (21) : - 

By way of example, as illustrated in FIGS . 3, 4, and 6, the magnet mounting fixture 
2 9 of wheel sensor assembly 24 resides in the wheel hub 43 of the front wheel 4 5 
(e.g., on the left, or driver's, side) from its position on the front axle 51 of 
the golf cart 50. Mounting bracket 26 is slidably positioned along and above front 
axle 51 with an adjustable collar clamp 52 about its lower leg for rotational 
alignment of sensor device 30 with magnetic strip 28, i.e., so that the. upper, end 
of the Hall effect sensor device is aligned to directly confront the magnetic strip 
28 at all times during rotation of the latter about the former, albeit that the two 
are maintained at all times in precise spaced-apart relation by the longitudinal 
alignment of the sensor device. The cable 35 is then routed such that it will not 
bind or be pinched by any portion of the structure, either while the cart is moving 
or at a standstill. To that end, as well as to prevent excessive stress or strain 
on the wire conductor connections of cable 35 to PCB 32 potted within cylinder 31, 
the cable may be secured to the mounting bracket 26 by a tie-down clamp 58 (FIG. 
5) . The magnet mounting fixture 29 is slid over the wheel mounting lugs for 
reinstallation of wheel 45. Upon proper rotational alignment of the sensor device 
30 relative to the magnetic strip, the attachment bolts 54 (which have been 
inserted through respective mating holes in axle bearing mounting flange 56, magnet 
mounting fixture 29 and wheel hub 43 during the assembly process) are secured by 
final tightening of nuts 55 thereon, and the collar clamp 52 is tightened to secure 
the mounting bracket in place in the final assembly. Mounting of the Hall effect 
sensor device 30 above the axle 51 is preferred because in this location the axle 
keeps the sensor sheltered from water, mud, soil, rocks, grass, fertilizer, twigs, 
branches, and other debris that might be encountered as the cart is driven along 
the course during play. The location of the sensor device 30 inside the wheel well 
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44 at the rim thereof further protects the sensor. Of course, debris is much less a 
problem where the cart is used on courses having a "cart path only" rule for 
driving the golf cart. 

Detailed Description Text (25) : 

The Hall effect sensor device 30 is supplied with power through the sensor cable 35 
by means of a power wire and a ground wire among the four conductors . One of the 
remaining two conductor wires of cable 35 provides an output signal from the sensor 
device indicative of speed, the speed signal being composed of digital output 
pulses whose number is proportional to the number of magnetic poles on magnetic 
strip 28 that pass by the Hall effect sensor device 30 during rotation of the wheel 
as the cart is driven along the course. The remaining conductor wire of cable 35 
provides an output signal from the sensor device indicative of direction (forward 
movement or backward movement of the cart) as described earlier herein. An 
alternate approach is to send the outputs of the two Hall effect sensors through 
these two wires directly to the DRN computer for quadrature decoding. 

Detailed Description Text (31) : 

In the latter path, the output of magnetic wheel sensor 64 is subjected to 
application of a wheel scale factor error correction Sf.sub.w from the DGPS/DR 
calibration at 75, to compensate an error that increases with distance traveled 
over time. The resulting output undergoes processing similar to that provided in 
the compass sensor path, as described above, so that the pair of outputs related to 
wheel speed and acceleration are obtained and applied to develop the compass tilt 
estimation at 68, while the wheel speed factor is also applied to provide steering 
compensation at 76. Also applied to the latter are the turn rate (rate of change of- 
heading ) factor . omega .. sub . m and a factor representing the wheel : base of the 
cart, from which speed (velocity) compensation factors V,sub.x and .V. sub. y are 
derived for application to table calculator 74. 

Detailed Description Text (34): 

?IG. : 9 is a simplified top view of golf cart 50 showing the front wheels 45 (left) 
and 80 (right) angled in a turn and the various angles and dimensions used in 
calculations. Steering compensation is achieved as follows. The left front wheel is 
being used for speed determination, and the direction of the front . wheels is not 
aligned with the body frame of cart. 50 in a turn . Turned front wheels induce 
velocity in both the vehicle x and y axes. The steering angle .alpha, is determined 
from the wheel speed, turn rate, and wheel base. For compass correction, true 
heading of the vehicle must be computed by the magnetic heading from the compass. 
Magnetic heading is corrected for the Earth magnetic field declination 
(. beta .. sub . d) and for mounting errors on the vehicle and residual hard/soft iron 
(ferrous material) errors. These mounting and ferrous material errors are estimated 
by DGPS/DR calibration, essentially by comparing the estimated true heading to the 
ground track angle computed from DGPS measurement data. A correction to the compass 
correction table (a lookup table indexed by magnetic heading) is computed based on . 
this heading residual. The error in the table at the current magnetic heading is 
applied to the magnetic heading to form a corrected true heading. 

CLAIMS : 

4. The location determining system of claim 1, wherein said magnetic sensor 
assembly comprises a Hall effect sensor and a magnet, wherein said Hall effect 
sensor is fixed relative to a wheel of the respective golf cart and said magnet is 
coupled to said wheel for rotation about said Hall effect sensor as said wheel 
rotates during driving of said golf cart. 

8. The location determining system of claim 4, wherein said magnet comprises a 
magnetic strip with multiple alternating magnetic poles thereon, and said magnetic 
strip is affixed to a wheel well of said wheel or mounting fixture thereof for 
passage of said alternating magnetic poles adjacent to said Hall effect sensor as 
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said wheel and said magnetic strip thereon rotates during driving of the respective 
golf cart about said golf course. 

9. The location determining system of claim 8, wherein said Hall effect sensor is 
positioned to confront said magnetic strip in spaced-apart relation thereto to 
detect the number of alternating magnetic poles passing by said Hall effect sensor 
and the direction thereof as said magnetic strip rotates on said wheel during 
driving of said golf cart. 

10. The location determining system of claim .9, wherein said Hall effect sensor is 
mounted on an axle of said golf cart on which said wheel rotates . 

13. Apparatus for installation on a golf cart to calculate the distance from the 
cart to a golf cup, a hazard, or other feature of a hole of a golf course which has 
been surveyed so that the location of said golf cup, , hazard, or other feature on 
said hole is known, to enable close approximation of the distance thereto from the 
lie of a golf ball proximate said cart, said golf cart having access to GPS 
transmissions solely for calibration of a dead reckoning (DR) navigation system 
installed. on the cart, said apparatus comprising:, a DR wheel sensor assembly for 
determining speed and direction of said cart relative to a known point of origin of 
said hole, said assembly including a magnetic strip having a plurality. of 
alternating magnetic poles impressed longitudinally thereon for attachment to a 
cylindrical wall of a wheel or mounting fixture therefor of said golf cart, and a 
Hall effect sensor for detecting said alternating magnetic poles during rotation of 
said wheel when attached in a fixed location on said golf cart in confronting 
relation to said magnetic strip, to measure speed and forward-backward direction of.. 
; ;he golf cart, and further including an electrically conductive housing for said 
sensor. adapted for electrical insulation from the chassis of the golf cart, said 
housing connected to the sensor to share the same electrical ground .therewith, so 
as to inhibit electrical and magnetic interference with operation of the sensor. . 
from the propulsion system of the golf cart or from other sources of electrical or 
magnetic, field. . t , " ' . 
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DOCUMENT- IDENTIFIER: US 6148269 A 

TITLE: Wheel diameter calibration system for vehicle slip/slide control 



Abstract Text (1) : 

A method and apparatus for wheel diameter calibration in a vehicle of the type 
having a plurality of independently powered wheel-axle sets which can be 
implemented as a forced calibration while the vehicle is in either a tractive 
effort or an electrical braking mode. The. process includes the steps of determining 
if vehicle tractive effort would be effected if one wheel -axle set were disabled 
and, if not, selectively disabling one of the wheel- axle sets, calculating vehicle 
speed from a present value of wheel diameter for the disabled axle and wheel 
revolutions per unit time, establishing a true value of vehicle speed from an 
independent measurement, computing the error between calculated vehicle speed and 
the true value of vehicle speed, and adjusting the present value of., wheel diameter 
so as to minimize the computed speed error. 

Brief Summary Text (4) : 

It is well known , that maximum tractive or braking ef fort is obtained! if each .< ^. 
powered, wheel of the vehicle is rotating at such an angular velocity that", its 
actual, peripheral speed is slightly higher (motoring) or slightly lower (braking) 
than the true, vehicle speed (i.e., the. linear speed at which the vehicle ds 
traveling, usually referred to as "ground speed" or "track speed") . The difference 
between wheel speed and track speed is referred to. as "slip speed..". There is a • 
relatively low limit value of slip speed at which peak tractive or braking effort 
is realized. This value, commonly known as maximum "creep speed," is a variable 
that depends on track speed and rail conditions. So long as the maximum creep speed 
is not exceeded, the vehicle will operate in a stable microslip or creep mode. If 
wheel-to-rail adhesion tends to be reduced or lost, some or all of -the vehicle 
wheels may slip excessively, i.e., the actual slip speed may be greater than the 
maximum creep speed. Such a wheel slip condition, which is characterized in the 
motoring mode by one or more spinning axle-wheel sets and in the braking, mode by 
one or more sliding or skidding axle -wheel sets, can cause accelerated wheel wear, 
rail damage, high mechanidal stresses in the drive components of the propulsion 
system, and an undesirable decrease of tractive . (or braking) effort. 

B rief Summary Text ( 6 ) : : 
In general, locomotive speed or tangential wheel speed can be calculated from 
measured motor rotor revolutions per minute ("RPM") values given the diameter of 
the associated whee l . Conventionally, a speed sensor or revolution counter is 
coupled to sense the rotational speed of an output shaft of each drive motor. The 
sensed speed is then converted to a value representative of wheel RPM. by 
multiplying the sensed value in RPM by the gear ratio between the drive motor shaft 
and. wheel/axle set. Tangential wheel speed is then calculated from wheel RPM. For 
example, a standard 42 inch locomotive wheel has a circumference C equal to .pi. . 
times diameter D or 131.95 .inches so that one wheel revolution advances the vehicle 
by 131.95 inches, assuming zero slip. From this it can be readily determined that a 
v/heel RPM of 200 will produce a locomotive speed of about 25 MPH or> more 
precisely, about 24.9899 MPH. If the actual wheel diameter is 41.5 inches, the true 
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velocity can be calculated to be 24.6924 MPH which introduces an error of about 0.3 
MPH. This speed difference represents an error which produces slip, since the 
control system regulates based on the assumed ideal diameter, and leads to a loss 
of tractive effort as well as creating additional wear on the wheels and rails. 
More importantly, if wheel calibration is in error, the control system will derate 
(reduce the available tractive or braking effort) when it is not necessary since 
the system will detect a speed error indicative of a wheel slip or slide. 

3rief Summary Text (9) : 

The present invention is implemented in one form in which a wheel diameter 
calibration system for a traction vehicle having a plurality of independently 
powered wheel-axle sets, such as a locomotive, which system allows wheel diameter 
to be calibrated while the vehicle is in either a tractive effort or electrical 
braking mode of operation. In the illustrative system, calibration of each wheel- 
axle set is accomplished by systematically removing power from each wheel-axle sec 
to place that wheel-axle set in a coast mode. The vehicle control initially 
determines whether a calibration is needed by comparing- vehicle velocity as 
determined by an independent sensor, such. as a radar or GPS sensor, to vehicle 
velocity as determined from a calculation of vehicle speed based upon wheel 
rotational speed and wheel diameter. If the velocities differ by more than some 
minimum value, a forced calibration mode is entered. In the forced .calibration 
mode, the, control determines first if vehicle tractive effort would be effected if 
one wheel-axle set were disabled. If not, the one wheel-axle set is disabled, with 
i:he commanded tractive effort being distributed over the remaining powered wheel - 
axle sets; The control thereafter integrates the velocity difference or error while 
continuously re-computing the error wherein the integrated error value- becomes . the 
value of wheel diameter. The control can interrupt the calibration process whenever 
the disabled, wheel -axle, set is needed to meet tractive effort requirements ... During, 
any interruption in calibration, the last computed value of wheel cHameter is 
maintained so chat future calibrations start from the last value thereby allowing 
calibration to be performed in discontinuous., piecemeal fashion. The control can 
also accelerate che integration process to perform faster calibration by* varying., 
r.he velocity error signal magnitude by multiplying, the error signal, by a selectable 
act dr. r > . 

Detailed Description Text (2) : 

The present invention may be utilized in various types of alternating current: (AC) 
induction motor powered vehicles such as, for example, transit cars, and 
locomotives.. For 'purpose of illustration, the invention is describe*}.. herein as it 
(?ay be applied to a locomotive. The propulsion system 10 of FIG . 1 -includes a 
r/ariable speed prime mover 11 mechanically coupled to a rotor of a dynamo electric 
machine 12~comprising a 3 -phase alternating current (AC) synchronous generator or 
alternator. The 3 -phase voltages developed by alternator 12 are applied to AC input 
terminals of a conventional power rectifier bridge 13. -The direct current (DC) 
output of bridge 13 is coupled via DC link 14 to a plurality of controlled 
inverters ISA, 15B, 15C and 15D, each of which inverts the DC power to AC power i-ic 
s» selectable variable frequency. The AC power from each inverter is; electrically 
coupled in energizing relationship to a corresponding one of a plurality of 
adjustable speed AC traction motors Ml through M4 . Prime mover 11, .alternator 12, 
rectifier bridge 13 and inverters 15A through 15D are mounted on a platform of the 
faction vehicle 10, illustrated as a 4-axle diesel-electric locomo.tive . The:, 
platform is in turn supported on two trucks 20 and 30, the first truck .20 having, 
two axle -whee l sets 21 and 22 and the second truck 30 having two axle -whee l sets 31 
-.nd 32. 

Detailed Descr i ption Text (3) : . 

Bach of the traction motors M1-M4 is hung on a separate axle and its rotor is 
mechanically coupled, via conventional gearing, in driving relationship to the 
associated axle-wheel set. In the illustrative embodiment , the two motors Ml and M2 
ore electrically coupled in parallel with one another and receive power from 
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inverters 15A, 15B while motors M3 and M4 are coupled to inverters 15C, 15D. 
Suitable current transducers 27 and voltage transducers 29 are used to provide a 
family of current and voltage feedback signals, respectively, representative of the 
magnitudes of current and voltage in the motor stators. Speed sensors 23 are used 
to provide RPM signals representative of the rotational speeds W1-W4 in revolutions 
per minute (RPM) of the motor shafts. These RPM signals are converted to wheel 
rotational speed from the known gear ratio of the mechanical coupling between the" 
motor shaft and wheel axle. Wheel rotational speed is converted to vehicle linear 
speed based upon the assumed diameter of . each driven wheel . For simplicity, only 
single lines have been indicated for power flow although it will be apparent that 
the motors M1-M4 are typically three phase motors so that each power line 
represents three lines in such applications. 

CLAIMS : 

1. A method for wheel diameter calibration in a vehicle of the type having a 
plurality of independently powered wheel-axle sets, the method comprising the steps 
of: 

determining if vehicle tractive effort would be effected if. one wheel-axle set were 
disabled and, if not, selectively disabling, one of the wheel -axle sets; 

calculating vehicle speed from a present value of wheel diameter for the disabled 
axle and wheel revolutions per unit time; 

establishing a. true value of vehicle speed from an independent measurement; > 

• fsorsipu.ting t:he error between calculated vehicle speed and "the true value ;.of vehicle, 
apeed; snd - . ' ■ 

■ ' - ■ ■ ■ . • ' • <- : • . . • .* J 

adjuBticvj t'ak present value of v.heel diameter so as xo minimize the* computed js'p.eed "... 
•oriror.' * . < , ?\ ■ 
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ABSTRACT: 

A method and system for compensating for wheel wear uses position and/or speed 
information from an independent positioning system to measure some distance over 
which the train has traveled. Wheel rotation information is also collected over the 
distance. The wheel rotation information and distance and/or speed information are 
then used to determine the size of the train wheels. The method is performed 
periodically to correct for changes in wheel size over time due to wear so that the 
wheel rotation information can be used to determine train position and speed in the 
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Brief Summary Text (7) : 

The need for wheel diameter calibration has been recognized in the art. Typically, 
a locomotive is provided with an auxiliary ground speed sensor such as a radar unit 
(similar to the type used by police for monitoring automobile speed) or a satellite 
sensor (generally referred to as global position sensor or GPS ) . The ground speed 
signal from one of these sensors is compared to the speed determined from the motor 
shaft RPM sensor value and any error is corrected by adjusting the calculated value 
of wheel diameter. One problem with the prior art systems is that the comparison or 
calibration could only be performed when the locomotive was in a coast mode, i.e, 
the traction motors were not energized for either powering or braking of the 
locomotive. Further, it was generally necessary for the locomotive to be in such a 
coast mode for an extended, continuous time in order to complete the calibration. 
However, there are many instances in which the opportunity to operate a locomotive 
for an extended period in a coast mode is simply impractical. Accordingly, it would 
be advantageous to provide a wheel diameter calibration system which does not 
require coast mode operation and which does not require an extended, continuous 
time to achieve calibration. 

Brief Summary Text (9) : 

The present invention is implemented in one form in which a wheel diameter 
calibration system for a traction vehicle having a plurality of independently 
powered wheel-axle sets, such as a locomotive, which system allows wheel diameter 
to be calibrated while the vehicle is in either a tractive effort or electrical 
braking mode of operation. In the illustrative system, calibration of each wheel- 
axle set is accomplished by systematically removing power from each wheel-axle set 
to place that wheel- axle set in a coast mode. The vehicle control initially 
determines whether a calibration is needed by comparing vehicle velocity as 
determined by an independent sensor, such as a radar or GPS sensor, to vehicle 
velocity as determined from a calculation of vehicle speed based upon wheel 
rotational speed and wheel diameter. If the velocities differ by more than some 
minimum value, a forced calibration mode is entered. In the forced calibration 
mode, the control determines first if vehicle tractive effort would be effected if 
one wheel-axle set were disabled. If not, the one wheel-axle set is disabled, with 
the commanded tractive effort being distributed over the remaining powered wheel- 
axle sets. The control thereafter integrates the velocity difference or error while 
continuously re-computing the error wherein the integrated error value becomes the 
value of wheel diameter. The control can interrupt the calibration process whenever 
the disabled wheel-axle set is needed to meet tractive effort requirements. During 
any interruption in calibration, the last computed value of wheel diameter is 
maintained so that future calibrations start from the last value thereby allowing 
calibration to be performed in discontinuous, piecemeal fashion. The control can 
also accelerate the integration process to perform faster calibration by varying 
the velocity error signal magnitude by multiplying the error signal by a selectable 
factor . 

Detailed Description Text (7) : 

FIG. 2 is a simplified, functional block diagram of one form in which the present 
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invention can be implemented. The general concept is to provide a method for 
determining the actual diameter of a locomotive wheel even though the locomotive 
may be operating in a propulsion or electrical braking mode while calibration is 
occurring. The general concept further includes a method which allows the rate of 
calibration to be varied and be accomplished in a piecemeal manner. The calibration 
process uses two measured variables, axle speed (RPM) and true ground speed (tgss) . 
Typically, the tgss signal is obtained from a conventional radar or GPS s,ensor, 
such as is shown at 37 in FIG. 1. Note that the control system of FIG. 2 is 
preferably implemented in software in the controller 26 although a hardware 
implementation is illustrated. Further, the system of FIG. 2 is associated with 
each wheel-axle set so that each can be calibrated. 

Detailed Description Text (17): 

A decision that an axle of the vehicle/locomotive needs calibration is determined 
from a persistence of differences between the calibration speed reference and the 
axle speed at low torque conditions. The system normally assumes that calibration 
is unnecessary. However, if the difference between the speed reference, e.g., the 
radar or GPS reference, and an axle speed signal is greater than a selected value, 
typically about one per cent, while the axle is operated at a relatively low 
tractive effort or horsepower (less than about 4500 lbs) and at a speed of more 
than a selected minimum such as about 5 MPH with all speed sensors operative, then 
calibration is desirable. Transient conditions are eliminated by requiring the 
above conditions to exist for some selected time interval such as 20 seconds. If 
calibration is needed, a NEED. sub. — CAL flag (block 78) is set to allow a forced 
calibration to occur . 
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A method and system for compensating for wheel wear uses position and/or speed 
information from an independent positioning system to measure some distance over 
which the train has traveled. Wheel rotation information is also collected over the 
distance. The wheel rotation information and distance and/or speed information are 
then used to determine the size of the train wheels. The method is performed 
periodically to correct for changes in wheel size over time due to wear so that the 
wheel rotation information can be used to determine train position and speed in the 
event of a positioning system failure. 
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